ABSTRACT Crude and purified aqueous extracts of cotton bracts shown to cause airway constriction in naive subjects were assayed for endotoxin content. Pulmonary function measured by flow changes on partial expiratory flow volume curves was used to assess airway responses to the bract extracts after their inhalation by a panel of volunteers. These responses are similar to the acute responses experienced by cotton textile workers. Crude aqueous extracts from various bracts harvested before and after senescence of the cotton plant displayed endotoxin concentrations ranging widely from 0-086 to 50 ig/ml. No correlation was found between these differences in endotoxin content and the severity of the airway constrictor response. Purifying the bract extract by a series of procedures that included precipitation of polymeric material by addition of methanol and chromatography on an anion exchange column of DEAE-Sephacel resulted in the elimination of almost all the endotoxin. The partially purified extract contained less than 1 ng/ml of endotoxin. The panel of volunteers responded to this purified bract extract, however, with a decrease in pulmonary function which was more than 60% of that seen with the crude extract of bracts. It is concluded that aqueous extracts of cotton bract contain an agent(s) other than endotoxin that causes acute airway constriction in people.
Cotton dust and cotton bract contain endotoxin, the amount of which varies widely depending, at least in part, on cotton quality, growing conditions, and growing location.' Pernis et al suggested that byssinosis, the specific lung disease of cotton textile workers, may be due to endotoxins produced by the Gram negative bacteria normally found on cotton bracts.2 The bacterial content of the cotton bales being processed in one experiment3 and airborne microorganisms in another4 correlated with the prevalence of byssinotic symptoms. In the latter study, however, airborne endotoxin did not correlate with symptoms. In recent studies Diem et al found that decreases in pulmonary function over the work shift correlated with airborne dust concentration, not with bacterial or endotoxin concentrations.' By contrast, Olenchock et al found in an experimental card room environment that FEV, decreases correlated with endotoxin content in the air significantly better than with airborne dust levels,6 and Rylander et al also found a dose response relation between airborne endotoxin and decreases in FEV, although the latter cautioned that the endotoxin levels may be only an Accepted 27 November 1984 indicator of some other agent present in the dust with which it maintains a close relation.7
Aqueous extracts of cotton bract induce an acute airway constriction in healthy subjects never before exposed to cotton dust.8 This constriction is similar in its changes of lung function parameters and its time course to the acute response experienced by textile workers.9 10 The response is present with both the crude aqueous extract and partially purified extracts. The agent causing the airway constriction has not yet been identified but several of its characteristics are known, including solubility in water (a characteristic of endotoxin) and a molecular weight of less than found in the fourth sample of bracts which was picked while still green and immediately freeze dried to prevent senescence from occurring. The extracts from these bracts contained only 0-086 pg/ml endotoxin.
The ability of these extracts to induce airway constriction in people was tested in a panel of eight volunteers who were known to be responders. The results are included in table 1. Responder status was determined by screening each volunteer with the standard crude extract of bracts prepared from the frost killed 1979 harvest. Compared with the 1979 harvest, the 1981 brown bracts were only about half as active (48 6%) even though they contained slightly more endotoxin. The green bracts from the 1981 harvest exhibited an airway constricting activity of 35 6%, only somewhat less than the brown bracts, whereas the endotoxin content was less by several orders of magnitude. The extract from the fresh green bracts, while containing the least amount of endotoxin, was more active in inducing airway constriction than either the air dried green or the brown bracts from the 1981 harvest. Its percentage activity was 82, close to that of the frost killed 1979 bract.
The crude aqueous extract from the 1979 harvest was partially purified in a series of sequential steps, the first of which was the addition of methanol. This resulted in the precipitation of a large amount of material including presumably proteins and other large rmolecules. As shown in table 2, the supernatant solution from this step, the 7:1 MeOH extract had a dry weight of 24 mg/ml reduced from the original 60 mg/ml. The airway constricting activity of this preparation was 61% that of the original extract, and the endotoxin concentration was at the nanagram level (1-3 ng/ml) compared with 36 pg/ml in the original crude extract. The precipitate from the 7:1 MeOH extract thus contained most of the endotoxin and accounted for only a 16% loss of activity.
The 7:1 MeOH extract was purified further by passing it through a DEAE anion exchange column. The fraction not bound by the column, designated the DEAE extract, showed additional decreases in dry weight material to 15 mg/ml and endotoxin content to 0.3 ng/ml. These changes resulted in no further de- The DEAE extract was fractionated into three fractions as it emerged from the column. Airway constrictor activity was associated exclusively with the second fraction despite the finding that all the fractions contained essentially the same low level (less than I ng/ml) of endotoxin. The results are presented in table 3. Results with the standard crude extract also are included for comparison. Subsequent assays performed in another laboratory confirmed these endotoxin values. 17 To confirm that the purification scheme used for the bract extract does remove endotoxin, a solution of 180 ng/ml E coli endotoxin (from a commercial source) was carried through the scheme. With the addition of methanol no precipitation was observed. Nevertheless, after passage of the 180 ng/ml solution through the DEAE anion exchange column less than 0-2 ng/ml endotoxin remained in the solution. This confirms that endotoxin is consistently removed by the procedures and conditions used to purify our cotton bract extracts.
In order further to quantitate the relation between bract endotoxin content and airway constrictor re-sponse, the mean percentage fall in MEF 40%(P) (± I SD) was plotted (fig 2) against the endotoxin concentration of the various bract preparations used for each of the panels of subjects. As may be appreciated, over a several thousandfold variation in concentration, endotoxin did not influence the constrictor response.
Further, in table 4, the response between the bract preparations was compared in the same groups of individuals. The horizontal and vertical headings list the bract preparations and their endotoxin content. Numbers in the upper right of the diagram represent the average percentage difference in the MEF 40%(P) drop between the bract preparations (positive differences indicate that the preparations with the higher endotoxin content have a greater constrictor effect, negative differences indicate that the preparations with the lower endotoxin content have the greater constrictor effect). The second number in each comparison represents the number of paired comparisons.
The set of numbers in the lower left of the diagram indicates the t statistic for the paired comparison, the number of degrees of freedom (df), and the p value.
Five of these comparisons were statistically significant. In these groups it is apparent that the standard crude extract is consistently more potent (Texas, 1981) . SCE = Standard crude extract. Green = Green bracts (Texas, 1981) . Fresh green = Green bracts (New Orleans, 1981) . MEOH =7-1 Methanol extract. DEAE= DEAE extract. DEAE ether = DEAE extract after ether extraction.
group.bmj.com on October 19, 2017 -Published by http://oem.bmj.com/ Downloaded from than the other preparations in terms of its constrictor effect. Clearly, however, no consistent pattern may be seen with regard to the endotoxin concentration. Discussion Naive subjects never before exposed to cotton dust of any type respond to inhalation of crude aqueous extracts of cotton dust or bract with an acute airway constriction that has a delay of 90-120 minutes before reaching maximum.8 No fever was found associated with this response" even though the standard crude extract contains about 36 pg/ml of endotoxin. Airborne respirable dust in cotton textile mills contains Gram negative bacteria as well as endotoxin, whereas the crude extracts used in this study have been sterilised by passage through a 0-45 micron filter before being administered to subjects. The question arises, is the endotoxin concentration in mill dust or bract extracts high enough to cause (or contribute to) the acute airway constriction observed?'9 Two groups have studied and reported on the response of subjects to inhalation of pure endotoxin.202' In the earlier study 40 pg or 80 pg of purified E coli endotoxin were inhaled. Two subjects who inhaled 40 pg had no response and of the eight subjects who inhaled 80 pg, two responded with FEV1 decreases of 17-20% which were maximal at 30 minutes, the other six did not experience significant changes in FEV1. In a recent study Rylander's laboratory challenged 15 subjects with 4-20 pg of pure endotoxin in solution.2" Even at the higher concentration which was inhaled by four of the 15 subjects, they found no significant decreases in FEV1. It appears from these studies that only a limited number of healthy individuals are sensitive to endotoxin at concentrations as high a 80 pg of pure endotoxin.
Airborne respirable dust in cotton textile mills contains 0-02-3-16 pg/M3 endotoxin. 1 22 If it is assumed a worker breathes about 15 m3 during an eight hour shift he will breathe in 0-3-47 pg endotoxin over the workday. In volunteers, where one assumes tidal breathing at a rate of 12 breaths per minute at 800 ml/breath for the 10 minute inhalation test period, it is estimated that each subject inhales 0-3 ml of bract extracts. This is equivalent to inhaling 11 pg of endotoxin when the standard crude extract of bracts 1979 harvest is tested and only 0 09 ng for the purified bract extracts (DEAE extracts). These endotoxin concentrations are far below those reported2021 to cause airway constriction in people, and thus it is not surprising that no correlation was seen between endotoxin concentrations and bronchoconstrictor effects. As in these challenge studies with the bract extracts the pure endotoxin exposures were administered over a short period in contrast to the exposure of mill Purified extracts, which are essentially endotoxin free (< I ng/ml endotoxin), retain the ability to induce airway constriction in volunteers. The less than 1 ng/ml concentration of endotoxin remaining in purified extracts is without effect. DEAE fractions collected before and after the active fraction (fraction 2) contain similar low levels of endotoxin and yet are without airway constricting activity. After the three sequential purification steps, about 63% of the constricting activity remains. Thus aqueous extracts of cotton bract contain an agent(s) other than endotoxin which causes acute airway constriction in people.
Since cotton mill dust contains a high proportion of bract material,23 the bract constrictor agent(s) found in aqueous extracts is undoubtedly present in mill dust as well. Attempts to compare the relative dose of bract aqueous extract and respirable mill dust are rough approximations at best. Estimates of the proportion of bract in mill dust vary'(32-52%23) and no data are available to know the proportion of the airway constricting agent(s) extracted into the initial aqueous extract, the standard crude extract. The volume of extract inhaled by volunteers is about 0 3 ml prepared from 50 mg of bract. The amount of respirable mill dust inhaled by workers is 5-57 mg, assuming dust levels of 0-463-80 mg/m3 and an inhalation of 15 m3 during an eight hour workshift.' 22 It has not been shown that the quantities of endotoxin present in textile mill dust are sufficient alone to account for the acute airway constriction observed in mill workers. Possibly, however, where the bract constrictor agent and sublevels of endotoxin are present together, as they may be in mill dust, a synergistic action exists.'8
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